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Abstract 
The paper presents a process of how User Experience tests can be integrated in the validation process of Advanced Driver Assistance Systems. 
Hereby a modular process was developed. This process can be integrated in different phases depending on existing validation methods. It 
involves the decision maker, developer, experimental designer and the potential users (e.g. customer). It will be shown what is necessary to 
implement User Experience methods in early phases of the product development process. 
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1. Introduction 
Within the last 10 years, product development processes 
have changed significantly. The time-to-market has been 
decreased [1], the number of functionalities of a product has 
been raised, the portfolio of companies has been changed in 
terms of more variants [2] and with that, the complexity of 
the development has been increased [3]. Electronics 
continues to be the central enabler and driver for 60 percent 
of all innovations, with the focus shifted from individual 
applications to system applications that combines multiple 
components [4]. In the end, the product has to satisfy 
customer demands. There are several validation cycles 
within the development process to make sure, the right 
product is being developed in terms of intended purposes of 
the customer. Beyond that, there are also verification cycles 
to make sure the requirements of the customer are fulfilled. 
The user experience needs to be taken seriously in order to 
fulfill the customer demands. Hereby not only the 
correctness of a system or functionality needs to be taken 
into account, but also the reasonableness. Many of the 
acceptance problems are not detected until the system is 
available on the market. The patching is then very 
expensive. An example is the start stop automatic. While 
the first systems were very simple, the next generation was 
much more intelligent. All tests of the first version did not 
reveal the emotions of the drivers during traffic jam or stop 
and go traffic. The system did not detect that the car is in a 
traffic jam or stop and go traffic. The result was that the 
system turned the engine off and on again and again. After 
some repetitions the system deactivated itself (due to the 
durability of the battery) and gave not feedback to the 
driver. The driver was both worried and wondered. The user 
experience was not tested properly within the validation 
cycles.  
This paper describes the development of a methodology 
to include User Experience (UX) methods into early phases 
of Advanced Driver Assistance Systems (ADAS) 
development processes, especially logic and layout of (sub) 
systems interplay within the generic Model-based Systems 
Engineering (MBSE) process (figure 1).  
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Fig. 1. Model-based Engineering Process 
2. State of the Art 
2.1. Advanced Driver Assistance Systems  
Almost every car is equipped with an Advanced Driver 
Assistance System (ADAS). It simply started with the ABS 
and will go up to the autonomous car. The primary 
objective of Advanced Driver Assistance Systems (ADAS) 
is to support the driver during the driving task. Advanced 
Driver Assistance Systems are very essential in today's 
automobile. This is due to the strongly increasing density of 
traffic, which increased the demand for the safe operation 
of the vehicle. Furthermore the driver abuts the boundaries 
because of the complexity of tasks he can conduct. On the 
other hand, there is the complexity of the technology of the 
car, which would not be possible without assistance systems 
in this form, especially the control and regulation of many 
processes via sensors and actuators. To evaluate the 
necessity of certain ADAS, the performance of the driver 
will be considered as a key element in vehicle guidance. 
This is directly influenced by the vehicle and the 
environment. In this driver-vehicle-environment the 
Advanced Driver Assistance Systems form the basis of 
communication between the three components, which are 
available in all interactions with each other. 
2.2. Validation methods for ADAS 
Within the development of ADAS there are a number of 
different validation methods. Validation is the central 
activity of the product development process and therefore 
has a high relevance [5]. Mostly used in early phases, 
virtual prototypes such as Digital Mock-ups (DMU’s) are 
used. The Model-in-the-loop test is one of the first 
validation methods which will be conducted. Model-in-the-
loop (MiL) allows tests without the investment of hardware. 
MiL refers to a process in which an embedded system 
connects via its inputs and outputs to a matched counterpart 
system. In this case, tests can be conducted any number of 
times with different parameters. Also the use of data from 
real tests will be applied in practice. Later on Software-in-
the-loop (SiL), Processor-in-the-loop (PiL) and Hardware-
the-the-loop (HiL) tests are used. During the SiL the model 
of the MiL test is converted into C-code and will be tested 
in an environment.  
In the early phases driving simulators are often used. The 
maturity of the simulator (in terms of degrees of freedom, 
visualization, haptics, sound etc.) increases with the 
maturity of the model which needs to be tested. Within 
MiL, the models are mostly tested in a simple environment 
such as steering wheel, pedals and a monitor. Nevertheless 
most tests are only plausibility checks without a driver in 
the loop. At the end sophisticated simulators are in 
operation, which are able to reproduce G-forces. 
2.3. Driving simulators 
Static Driving simulators are suitable when the 
subjective impressions of the dynamics are not important. 
They are usually low cost and compact in dimensions. They 
are used for studies in which the dynamics play a 
subordinate role. The Usability Research Simulator (URS) 
at the Chemnitz University for example is a modular, 
portable static driving simulator. In addition to a 180 degree 
vision system, it consists of an aluminum profile structure 
for simulating the passenger compartment, which is 
changeable in its dimensions. The research focus is directed 
on the product development and manufacturing process, 
focusing particularly on the user-centered product design 
and improvement of the interface between humans and 
technology [6]. Due to their low purchase price static 
driving simulators can be quickly assembled and 
disassembled in order to ensure a fast evaluation depending 
on the application requirements. A major disadvantage of 
static driving simulator is the so-called simulator sickness. 
The simulator sickness occurs in about 20-40 % of all users. 
It is very similar to the motion sickness [7]. 
Dynamic simulators also reproduce vehicle acceleration, 
rotations as well as other movements. Therefore motion 
systems are used (e.g. hexapod systems). The dynamic 
driving simulator of Daimler AG in Sindelfingen for 
example started its operations in October 2011 and is now 
one of the most advanced of its kind and consists of a dome 
with 360 ° visualization by both mock-ups and a complete 
vehicle that can be installed. The dome and the motion 
platform are mounted on a twelve-meter long rail for 
translational motion simulation that moves the system with 
up to 12 meters per second [8].  
In the early phases the static simulators are often used 
because of the operation costs and because they are 
appropriate for most of the testing purposes.  
2.4. User Experience 
The haptic perception together with visual perception is an 
important part in building a mental model of the product to 
the user [9]. The tangible interaction with the prototype is a 
part of the User Experience (UX) concept. This can be 
understood as an umbrella term for various design and 
usability disciplines [10].  
“By “experience” we mean all the aspects of how people 
use an interactive product: the way it feels in their 
hands, how well they understand how it works, how they 
feel about it while they’re using it, how well it serves 
their purposes, and how well it fits into the entire context 
in which they are using it.” [11] 
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Fig. 2. Framework of User Experience (UX) [12] 
Research has shown that factors such as particular 
emotions (e.g. subjective feelings, physiological reactions), 
usability (e.g. effectiveness, learnability) and aesthetic 
aspects (e.g. visual, haptic) play a major role in the 
evaluation of products and product characteristics [12] 
(figure 2). User Experience methods are usually used in late 
phases. The integration in early phases is not being used 
yet, especially in the neutral system phases.  
Where the classic usability refers to the objectivity of the 
user, the UX expands this approach and  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One tool to measure the User Experience is the 
questionnaire AttrakDiff. The questionnaire goes beyond 
usability and considers aspects such as job satisfaction, 
attractiveness or the hedonic quality (stimulation, identity). 
Other tools which measure the User Experience are Affect 
Grid, mDES, VisAwi, ISO-NORM or Mano and Davis. 
3. A new sub-process for the integration of UX 
3.1. Motivation 
A limitation of the early used simulators with simple 
virtual environments (see chapter 2.3) is the lack of tactile 
feedback. An object in the virtual world cannot be 
compared with the feeling of a real feedback in combination 
with the hand-eye coordination [13]. Only in the advanced 
phases of the product development process physical 
prototypes are built. As the overall integration and 
validation takes place predominantly at this late stage, the 
rectification of errors (e.g. logical failures, acceptance 
issues) is usually associated with high costs and high effort 
[14].  
In a pilot study it has been investigated what the relevant 
areas of User Experience [15] are: Within a questionnaire 
36 experts of Virtual Product Development were surveyed. 
Figure 3 shows that emotions are important for the 
acceptance of a system. Also over 60% of those polled 
agreed that interactive prototypes (which also include 
driving simulators) are used too late in product 
development processes. It is also necessary to consider the 
three perception areas visual perception, perception of 
movement and the perception of sounds. More than 90% of 
those polled agreed with that. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2. The new sub-process 
Fig.3. Results of the pilot study 
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 The development of driver assistance systems goes 
through different stages. As before mentioned it starts with 
a MiL test. All it takes is an abstract state flow model to test 
the abstract logic or functionality. However, these tests are 
mostly not being experienced by the users (customers, 
decision makers, etc.) in terms of driving simulations, but 
primarily performed on the computer through simulations. 
In this case, essential errors can be found at this stage to 
assist the subsequent development. In particular, User 
Experience studies can offer a distinct advantage: They 
measure the emotions and feelings of the user, in addition to 
the usability. To establish a methodology in the early 
phases of the development to secure ADAS experience, a 
process is modeled first. This new sub-process expands the 
existing development process by several components,  
 
 
without defining it from the sketch. This allows an easy 
integration into existing development processes (see figure 
1). Figure 4 shows the new sub-process.  
A basis for further investigation is a working state flow 
model. For this reason, a state flow test (1) is performed at 
the beginning. Only when it passes the test, the process can 
go on. Subsequently, a decision must be made whether to 
this stage the system is relevant to a User Experience test or 
not. That does not have to be given at all times, especially 
for systems that have reached a certain development plateau 
in the course of evolution. For example the “comfort signal 
turn” function: Here, both no further optimization need to 
be performed and no measurement for user acceptance, 
since it is already available on the market for years. 
Therefore a step in the process is useful where it is decided 
whether a User Experience test is useful. A valuation 
method (consisting of a list of questions) serves as a guide 
for a standardized approach. If a model is considered to be 
relevant, it must be exported (3) in order to provide it to the 
experimental designer. For this, existing methods from 
research and industry are used. The Functional Mock-Up 
Interface (FMI) for example is suitable for this purpose. 
The Functional Mock-Up Interface defines an open 
interface for so-called Functional Mock-Up Units (FMU). 
The FMI allows an easy handling of the co-simulation by 
defining standards [16]. Thus, simulation models from 
different systems and domains can be exported, the FMI 
standard allows a flexible re-use. Within the design of 
experiments (4), the specific question, deposited with one 
or more hypotheses are operationalized. Here, a method 
needs to be developed that allows the test planners to 
conduct the standardized test objectively and valid. The test 
planner uses operational dimensions, such as 
questionnaires, and also implements parameters for an  
 
objective evaluation of the experiment. After that, the test  
planner needs to import the model into the driving simulator 
database (5). This can be done automatically or manually, it 
depends on the existing IT-infrastructure. Existing 
simulation tools, which also run in driving simulators, such 
as dSpace (with its Automotive Solution Models (ASM)), 
IPG Car Maker or others can implement the models. The 
models can then be implemented in a flexible way. If for 
example a new ADAS needs to be tested, only the modules 
of this system will be replaced or implemented. After the 
implementing, the experiment (6) will be conducted with 
potential users, decision makers as well as with developer. 
All the advantages of the dynamic driving simulators are 
used (see chapter 2.3). During the test, parameters are 
tracked (5), so that they can be evaluated in the next step. 
Furthermore the test person is interviewed afterwards. 
Therefore User Experience questionnaires such as the 
AttrakDiff will be used, to detect also the emotions. The 
Fig.4. The sub-process for the integration of UX-methods 
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experiment is then evaluated (7) using the criteria defined in 
(4). Therefore both parameters and subjective data will be 
used.  
This sub-process will make sure, that the ADAS is tested 
with UX methods. Hereby the emotional reactions of the 
drivers are considered. The emotional reactions are either 
covered via questionnaires or traced parameter results. 
4. Outlook 
The presented approach shows a possible integration of a 
sub-process into existing development processes without a 
re-definition of the whole development process. For the 
individual steps methods must be developed. This concerns 
in particular the integration of parameters relating to the 
measurement of User Experience factors in the 
development tool. Blocks and parameters shall be 
integrated into the model, so that subjective factors can be 
measured, which can be supplemented with objective 
methods (e.g. questionnaire). Here, further research is 
necessary. The new methodology will be evaluated within 
the Digital Cube Test Center (DCTC) at the Technische 
Universität Berlin [17]. The DCTC is a multifunctional 
center of virtual product creation. Product and process 
development, product validation and research become 
experienceable. Virtual prototypes are combined with real 
components. One solution of the DCTC is the integrated 
Functional Drive Simulator (FDS). The FDS will meet the 
following requirements: 
x Maximum flexibility through virtualization, the 
surroundings, the vehicle elements and needs of the 
entire vehicle 
x Realistic motion simulation by hydraulically tiltable seat 
on linear motors and 
x High level of immersion by linking physical controls 
and force feedback interaction devices [18] 
With the help of the Functional Drive Simulator User 
Experience studies can be conducted, the simulator 
provides haptical feedback, immersive stereo visualization 
and realistic sounds. 
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